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What is common among all current CPS
contexts? What changes with D&M?

* Cyber-Physical Systems (CPS): Orchestrating networked
computational resources with physical systems
[Edward A. Lee, Sanjit A. Seshia]

* Contexts: Already existing things/systems that are
made to be improved or optimized (knowledge not
new)

 CPSin D&M: Orchestrating the creation of products
with networked computational resources with physical
systems and humans in the loop

* Contexts: The creation and making of things with
embedded software and electronics in a more open
way



Changing the context: Innovation and Productivity
Follows Paradigm Shifts
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Adapted and modified from Professor Jayakumar, Harvard Business School



Competing: Time & Responsiveness
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One of our proposed methods
(a decade ago)
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Early prototype of VizSeek
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Information Technology Paradigms
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Design & Manufacturing Paradigms
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Printable batteries

Lithium-polymer battery for
flexible displays [AMIC,

Japan, 2010]

Multilayer battery by silk-screen

printing

TENIAR Carmanyv 20001

Rechargeable battery with
zinc electrode [UC

Manufacturing In 2D-3D : Current and Future Trends
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The First printable magnetic sensor  Printable circuit incorporating organic,
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Pyroelectrical and piezoelectrical Conductive ink for printing circuits

sensor by screen printing [ISC, Germanyl’2/P1§ 2009

Images from:
http://www.engadget.com/tag/printable+circuits/

http://www.dailycal.org http://phys.org
ww.gizmag.com http://www.sciencedaily.com

http://news.xerox.com/pr/xerox/NR_20090ct27 _

. . . Xerox_Scientists_Develop_Silver_Ink.aspx
Ink-jet printable ammonia sensor

for communication device [GTRI, US,
250111

rewritable memory & transistor [ThinFilm

http://www.nanowerk.com/spotlight/spotid=26011.php



Tying Information and Manufacturing: some parallels

Open
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Innovation by Self-organized Virtual Communities
Virtual Design-
Manufacturing

Information-based
Open Source products
Software Ecosystems
LIHUXA @ \ / 100kGarages .com
vy 4 )
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Ref: “Complex Systems Engineering by 11
Self-Organized Virtual Communities”. Jitesh Panchal © 2012 Karthik Ramani




Properties of social networks relevant to manufacturing

Missing edges

Recommender
systems for linking
vendors and
manufacturers

Centrality Indices for
identifying key vendors

Network evolution models for predicting
the scope of open-architecture

Leveraging diffusion

distances used in geometry Barabasi and Albert. Science (1999) 286 509-512
for robust product planning

Yi Fang, Mengtian Sun, Minhyong Kim, Wen Jiang and Karthik Ramani, Heat-passing framework for assumption-free interpretation df’data in
networks, submitted to PAMI, 2011 © 2012 Karthik Ramani



Challenges to open-source collaboration environments
* Business models
e Psychological (Incentives)
e Legal
* Sociological (Trust)
* Product Development Process
e Supporting Platforms
e Education/ Training

Reproduced with permission from Dr.Jitesh Panchal, Purdue University

Challenges specific to ‘tangible’ products:
 Compatibility: standardization of dimensions,
component interfaces, materials etc.
 Overhead: Higher investment in
manufacturing and supply chain
* Perceived risk .

© 2012 Karthik Ramani



First steps: Open-source hardware

Most projects use existing Free and Open Source Software (FOSS) licenses

TAPR Open Hardware License used to address creation of tangible things:
“...it forbids anyone who receives rights under the OHL to deny any other
licensee those same rights to copy, modify, and distribute documentation,

and to make, use and distribute products based on that documentation.”
(from www.tapr.org)

Suggested business models:

* Focus on hardware, allow individuals to build designs around it
* Create a designh community around their hardware

* Focus also on services like design consulting

14
© 2012 Karthik Ramani



Clockspeed: the crowdsourcing version
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Fine and Whitney, “Is the make/buy decision a core competence?”

Local Motors company:
Combination of:

Crowdsourcing (shape and style) +
professional engineering (performance and
safety) +

micro-manufacturing

rrrrr ibmit idea (optional)
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In-house (evaluation, engineering,
manufacturing, sales)

=
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© 2012 Karthik Ramani

Ref: http://www.wired.com/magazine/2010/01/ff newrevolution/; http://www.quirky.com/learn
Image source: http://en.wikipedia.org/wiki/Local Motors




Social networking in the supply chain

2,939 Phase| & Phase Il awards to SBIR
companies in 2009

Imaginestics

Using ontology for concept
matching and social networking
for suggesting technology to
suppliers

Suppliers

Opportunities and Technology Suggestions
sent together tosuppliers

(a0edszIA)

auidu3 suiyoie

Depot
Listings

Sources

Over 25,000 opportunities
available daily on FBO

€l

Alibaba.com

Network of suppliers and buyers I -

with listings, matches, and Suppliers pos opliers Finalize
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Ref: http://www.imaginestics.com/Images/Small%20Business%20Technology%20Transition%20White%20Paper%20-%20Imaginestics.pdf, Li Z, Raskin V,

Ramani K. Developing engineering ontology for information retrieval. Journal of Computing and Information Science in Engineering 2008;8(1), Alibaba.com
Case Write: A Consideration of a the Virtual Service Value Chain. John Haase, 2009) @ 72019 Karthilk Ramani




Enabling the “Do-it-Yourself” prototyplng paradigm
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Open platform for funding innovation

KICK

Democratizing innovation
Infrastructure for realizing ideas
Quick and Widespread j, CONTROL YOUR MUSIC - iy
dissemination of ideas NS

e.g. Pebble: E-Paper Watch for iPhone and Android
Raised over S3 Million in Four Days
Over $10 million to date

© 2012 Karthik Ramani
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Open- and closed systems

; Core platform company 's IP secure data

Closed-source = Open-source
design, - design and

Access control prototyping

N

Models

N>

Standards based
information exchange
(e.a.. SvsML)

Platforms with a core and “APPS” with multi-company models for

. . 27
product innovation
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Handy-Potter: Rapid 3D Shape Exploration
Through Natural Hand Motions

IS A A {

Vinayak, Sundar Murugappan, Cecil Piya, Karthik Ramani

Handy-Potter: Rapid 3D Shape Exploration Through Natural Hand Motions

Proceedings of the ASME 2012 International Design Engineering Technical Conferences &
Computers and Information in Engineering Conference IDETC/CIE 2012, August 12-15, 2012,
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Murugappan, S., Vinayak, EImgvist, N., Ramani, K., Recovering Touch Posture and
Identity Using Depth Cameras on a Pen+Touch Tabletop Interface, Proceedings of the
ACM Conference on User Interface Software and Technology, 2012



Challenges and Opportunities

A Flexible Architecture for Open Source
Communities in D&M creation CPS [old top down vs.
innovation based on evolution based on self
organization]

Model systems with embedded problems that
represent scaled or complex systems

Core research to create ideas for tools and methods
that will allow for creative exploration of a
multitude of “X” CPS products

Computational architectures and business models.

Social, economic and business evolution: problem
has to be explored

31
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